The possibility of a relationship between intracytoplasmic membranes and deoxyribonucleic acid (DNA) in Escherichia coli Olllal has been investigated. To facilitate this investigation, a simple enzymatic assay for the amount of internal membrane present in a culture was developed. This assay was then used to show that the appearance of intracytoplasmic membranes is accompanied by an increase in the DNA content of the cells. Electron micrographs have confirmed this observation and have shown DNA to be in contact with the intracytoplasmic membranes. Extensive membranes were observed at sites of apparently unsuccessful attempts at cell division. These observations led to the conclusion that the internal membrane formed by strain Olllal represents "extra" membrane, which is functional in that it contains sites for DNA replication, but is produced in excess because the organism is somehow defective in its regulation of membrane synthesis.
The "replicon model" proposed in 1963 by Jacob, Brenner, and Cuzin (5) suggested an interaction between the bacterial chromosome (as well as other independent genetic elements) and the cell membrane, such that the chromosome rotates through an attached replication point and the separation of the daughter chromosomes and their subsequent segregation into daughter cells is accomplished by the growth of the membrane. This model is supported by electron micrographs of Bacillus subtilis and other Bacillus species which have repeatedly shown extensions of the cytoplasmic membrane, called mesosomes, to be in contact with the nuclear mass of the cell (11) . Serial sections through dividing cells of B. subtilis have indicated that segregation of daughter nuclei might be accomplished by division of the mesosome itself (6) .
Most gram-negative bacteria, including the most frequently studied strains of Escherichia co/i, do not normally possess the well-developed mesosomes found in Bacillus species and other gram-positive organisms. E. coli 01 1 a,, however, has been shown to form extensive intracytoplasmic membranes, similar to the mesosomes of 1 Part of a dissertation submitted by the senior author in partial fulfillment of Deoxyribonucleic acid (DNA) and protein determinations. DNA was measured by using the diphenylamine reaction described by Burton (3) . Protein was determined by the method of Lowry et al. (9) .
Lipid extractions. Lipids were extracted by a mixture of chloroform and methanol by the method of White and Cox (14) . Measurement MDH activity follows the general pattern of membrane development previously reported (12) in that the MDH activity is higher in stationaryphase TSB cultures of strain Olllal than in similar cultures of strain K-12, and MDH activity is highest in stationary phase and lowest during exponential growth. A typical growth curve with corresponding MDH activities is shown in Fig. 1 ternal membrane by the following equation: Y = (aP + bPX)/(XP + P), in which Y is the ratio of lipid to protein of the cells in question, a is the lipid to protein ratio when no intracytoplasmic membranes are present, b is the lipid to protein ratio of the membranes, P is the amount of protein in the cell other than that in intracytoplasmic membranes, and X is the ratio of protein in the intracytoplasmic membranes to protein in the rest of the cell. The equation simplifies to Y(X + 1) = a + bX, and a plot of Y(X + 1) versus X will give a straight line. Values of Y were measured directly, and values of X were estimated by the MDH activity of the culture in question minus the MDH activity of a culture without intracytoplasmic membranes. The estimated values for X are designated X'. Figure 2 shows a plot of Y(X' + 1) versus X' which was constructed from several experiments, and Fig. 3 shows data from a single experiment. Statistical treatment of the data in Fig. 2 shows the correlation coefficient to be 0.806 and the probability that there is no correlation to be less than 0.05.
Correlation between the amount of DNA and presence of intracytoplasmic membrane. In normal E. coli, the number of functional DNA replication sites per cell would be few in number for the large area of cytoplasmic membrane available. The work of Helmstetter indicates that only one to perhaps six such sites, depending on the growth rate, would be expected per cell (4 the number of these molecules which can replicate in a cell (7) . If the number of membrane sites available to a chromosome should play a similar limiting role in DNA replication in strain 011 la1, the presence of extra membranes might allow a greater than normal number of DNA replication forks to occur.
Because electron microscopic observations have indicated that many cells containing internal membranes have relatively large masses of DNA (see Fig. 7 and 9 ), we were prompted to measure the amount of DNA present in cultures which varied in their membrane content. By using the MDH assay as an estimate of the amount of membrane present, we found a positive correlation between the amount of DNA per milligram of whole-cell protein and the presence of intracytoplasmic membrane in a culture. This correlation holds true for both actively growing and stationary-phase cells. Fig. 4 and 5 illustrate this correlation. Statistical treatment of the data in Figure 4 gives a correlation coefficient of 0.760. The probability that no correlation exists is approximately 0.001. In Fig. 5 , the amount of DNA appears to reach a maximal value before the amount of membrane has done so.
Physical association of DNA with intracytoplasmic membranes. Many electron micrographs of cells of strain l0 a, show the DNA in very close proximity to membranes. In several sections, there appears to be direct contact between the DNA and membrane; Fig. 6-8 show representative sections. In Fig. 8 , the area of contact has been stressed in such a way that the bulk of the DNA has been pushed away, revealing several fibers of DNA which are apparently firmly attached to the membrane. coiled form and can be either inside or outside of the cytoplasm bounded by the normal cell membrane. Figure 9 -11 provide examples of these types. Figure 12 shows a cell from an exponentially growing culture which is able to divide normally. In Fig. 9 Relationship of DNA to intracytoplasmic membranes. Electron micrographs (Fig. 6-8 graphs represent functional growing points, it would be necessary to pulse-label the replication forks with a radioisotope such as tritium and examine the section by electron autoradiography.
It is obvious that internal membranes are not necessary for DNA synthesis or nuclear division in strain Olllai and its derivatives, since the maximal growth rate occurs during exponential growth, when intracytoplasmic membrane formation is minimal. However, this does not preclude the possibility that internal membrane, when it is present, may function in DNA replication. The fact that the correlation between amounts of DNA and membrane holds only up to a certain amount of membrane could be the result of a limitation to the accessibility of the postulated "extra" DNA attachment (replication) sites accumulated with the "extra" membrane, which occurs when the membrane folds in upon itself as seen in the electron micrographs.
It can be speculated that strain 0 1 la, is defective in its regulation of membrane synthesis in such a way that it is unable to restrict the rate of this synthesis to one compatible with the overall rate of cellular growth, thus producing "extra" membrane that includes "extra" DNA replication sites. Figure 7 lends particular support to this idea. The DNA mass is large, with several areas in which it is in contact with intracytoplasmic membrane. It is possible that this situation is an extreme one, resulting from the formation of a large, branched chromosome with several growing points or from the failure of several completed chromosomes to segregate properly.
